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Relations Between Subclinical
Disease Markers and Type 2
Diabetes, Metabolic Syndrome, and
Incident Cardiovascular Disease:
The Jackson Heart Study

Diabetes Care 2015,;38:1082-1088 | DOI: 10.2337/dc14-2460

OBJECTIVE

The presence of subclinical disease measures has been directly associated with
the development of cardiovascular disease (CVD) in whites. African Americans
(AAs) in the U.S. are at higher risk of CVD compared with non-Hispanic whites;
however, data on the prevalence of subclinical disease measures in AAs and
their association to CVD remain unclear and may explain the higher CVD risk in
this group.

RESEARCH DESIGN AND METHODS

We evaluated 4,416 participants attending the first examination of the Jackson
Heart Study (mean age 54 years; 64% women) with available subclinical disease
measures.

RESULTS

There were 1,155 participants (26%) with subclinical disease, defined as the pres-
ence of one or more of the following: peripheral arterial disease, left ventricular
hypertrophy, microalbuminuria, high coronary artery calcium (CAC) score, and low left
ventricular ejection fraction. In cross-sectional analyses using multivariable-
adjusted logistic regression, participants with metabolic syndrome (MetS)
or diabetes (DM) had higher odds of subclinical disease compared with those without
MetS and DM (odds ratios 1.55 [95% Cl 1.30-1.85] and 2.86 [95% CI 2.32-3.53],
respectively). Furthermore, the presence of a high CAC score and left ventricular
hypertrophy were directly associated with the incidence of CVD (265 events) in
multivariable-adjusted Cox proportional hazards regression models (P < 0.05). In
prospective analyses, having MetS or DM significantly increased the hazard of
incident CVD, independent of the presence of subclinical disease (P < 0.001).

CONCLUSIONS

In our community-based sample of AAs, we observed a moderately high preva-
lence of subclinical disease, which in turn translated into a greater risk of CVD,
especially in people with MetS and DM.
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African Americans (AAs) in the U.S. are
at a higher risk of cardiovascular disease
(CVD) compared with non-Hispanic
whites (1). They also have the highest
prevalence of hypertension, type 2 dia-
betes (DM), and obesity compared with
other ethnicities worldwide, and AA
women have a greater burden of meta-
bolic syndrome (MetS) (1). In addition,
studies (of predominantly white sam-
ples) have suggested that the presence
of subclinical disease is directly associ-
ated with the development of overt CVD
(2,3). These observations raise the pos-
sibility that a higher burden of subclini-
cal disease in AAs (especially in those
with MetS and DM) may contribute di-
rectly to the greater burden of CVD in
this group. Interestingly, despite the
higher burden of select risk factors and
CVD among AAs compared with whites,
data on the prevalence of subclinical dis-
ease measures are more varied. For in-
stance, the prevalence of coronary
artery calcium (CAC) is lower in AAs
(4-6), whereas they have the highest
carotid intima-media thickness com-
pared with other ethnicities (1). In addi-
tion, the incidence and progression of
CAC is greater in whites compared with
AAs (5). The exact reasons for these eth-
nic differences in the prevalence and in-
cidence of CAC are not well understood
and are not explained by the burden of
standard risk factors (4,7,8). Yet, in terms
of prognostic significance, CAC (when
present) is associated with a greater mor-
tality hazard in AAs compared with whites
(9). These observations raise the question
of whether a higher burden of subclinical
disease in AAs may contribute to a
greater risk of CVD compared with
whites. Therefore, comprehensively as-
sessing the prevalence of subclinical dis-
ease among AAs and evaluating its
relation to the incidence of CVD in this
group are critical.

MetS and DM are two conditions that
have been associated with a greater prev-
alence of subclinical CVD (2). This is not
surprising because the MetS is a combi-
nation of risk factors and DM itself is a
powerful atherogenic influence. Investi-
gators also have reported that the pres-
ence of DM is more strongly associated
with progression of subclinical athero-
sclerosis in AAs compared with whites
(5). In this context assessing whether
the presence of MetS and DM promotes
the development of subclinical disease in

AAs, which in turn enhances the develop-
ment of overt CVD, is of interest. Accord-
ingly, we assessed the prevalence of
subclinical disease among AAs (with and
without MetS and DM) and hypothesized
that the presence of subclinical disease
greatly increases the propensity for overt
CVD in this group.

RESEARCH DESIGN AND METHODS

Study Population and Covariate
Definition

The design and recruitment methods for
the Jackson Heart Study (JHS) cohort have
been previously described (10). A total of
5,301 AAs were recruited between 2000
and 2004 from Jackson, MS, and the sur-
rounding tri-county area (Hinds, Rankin,
and Madison Counties) and attended the
first examination cycle. A total of 885 par-
ticipants were excluded from the analysis
in this investigation, specifically partici-
pants with prevalent CVD at baseline (n =
558), participants without information on
MetS and/or DM (n =272), and those with-
out information on subclinical disease
measures (defined as peripheral arterial
disease [PAD], left ventricular [LV] hyper-
trophy, microalbuminuria, high CAC, and
low LV ejection fraction) (n = 55). After
these exclusions, 4,416 participants were
eligible for our investigation.

Participants were defined as having
DM if they had a fasting glucose =126
mg/dL or if they were taking insulin or
oral hypoglycemic medications. MetS
was defined by the presence of three or
more of the following five metabolic de-
rangements: 1) waist circumference =88
cm for women and =102 cm for men; 2)
HDL <40 mg/dL for men and <50 mg/dL
for women; 3) fasting triglycerides =150
mg/dL or the use of lipid-lowering ther-
apy; 4) systolic blood pressure (BP) =130
mmHg or diastolic BP =85 mmHg or the
use of hypertension medications; and 5) a
fasting serum glucose =100 mg/dL or the
use of medications for lowering blood
glucose (impaired glucose homeostasis)
(11).

Subclinical Disease

Five subclinical disease phenotypes were
measured for this study (Supplementary
Table 1). CAC was measured with con-
trast tomographic angiography using a
16-channel multidetector with cardiac
gating (LightSpeed Pro16; GE Healthcare,
Milwaukee, WI). The core reading center
where both image analysis and quality
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control were performed was located at
Wake Forest University School of Medi-
cine in Winston-Salem, NC. Calcified ar-
terial plagues were computed using a
TeraRecon Aquarius Workstation (TeraRecon,
San Mateo, CA). Coronary calcium was
scored in Hounsfield units. The presence
of CAC was defined as having an Agatston
score >10 (12,13). It should be noted that
CAC was not measured during the same
examination cycle as the other subclinical
disease measures evaluated in this inves-
tigation; therefore we “carried back” the
values for this variable from a later exam-
ination (4 years apart).

To determine ankle-brachial index
(ABI)-defined PAD, two systolic BP
measurements were taken at the ankle
on each lower extremity while the par-
ticipant was in the supine position. The
brachial systolic BP, usually using the
right brachial artery, was also measured
twice. Two ABIs (one for the right and
one for the left) were calculated as the
average of the two ankles’ systolic BP
measurements divided by the average
of the two brachial readings. The lower
of the two ABIs was considered the ABI
for the participant for the current inves-
tigation. To exclude falsely high ABIs re-
sulting from arterial incompressibility,
ankle systolic BP values that were 75
mmHg above the brachial systolic BP
were excluded. Participants were con-
sidered to have ABI-defined PAD if the
ABI was <0.9 (2).

Two-dimensional and M-mode echo-
cardiography was performed using a
Sonos 4500 cardiac ultrasound machine
(Hewlitt Packard, Andover, MA). Mea-
surements were performed offline by a
trained echocardiographer (T.E.S.) based
on American Society of Echocardiogra-
phy recommendations (14). LV mass
was measured in M-mode and was cal-
culated using the American Society of
Echocardiography—corrected formula:
LV mass (g) = 0.8 X 1.04 [(LV end dia-
stolic diameter + IVST + PWT)® — (LV end
diastolic diameter)?] + 0.6, where VST is
the interventricular septal wall thickness
and PWT is the posterior wall thickness.
LV ejection fraction was determined vi-
sually. Quality control was performed by
local (T.E.S.) and outside (P.R.L.) expert
readers. For this analysis, LV hypertrophy
was defined as an LV mass indexed to
height>” >51 g/ht (3,15,16), and a low
ejection fraction was defined as an LV
ejection fraction <50%.


http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc14-2460/-/DC1
http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc14-2460/-/DC1
http://care.diabetesjournals.org

1084 Subclinical Disease and CVD Events
]

Finally, urinary albumin was mea-
sured using kit reagents and the ProSpec
nephelometric analyzer (Dade Behring
GMBH, Marburg, Germany). The inter-
assay coefficient of variation was 3.2%.
For the current analysis, microalbuminuria
was defined as an albumin-to-creatinine
ratio>25 wg/mg in men and >35 pg/mg
in women (2).

The prevalence of any subclinical dis-
ease was defined by the presence of at
least one component of the five subclin-
ical disease phenotypes indicating ab-
normality. However, we excluded the
participants who had more than three
missing values among all five phenotypes
and had normal values for the remaining
components. In addition, those who had
three or fewer missing components and
normal values for the remaining compo-
nents were considered as not having sub-
clinical disease. We also compared the
prevalence of subclinical disease between
those who had available all subclinical dis-
ease components and the components
used in the current investigation (preva-
lence of subclinical disease was 26% and
27%, respectively), which was not signifi-
cantly different (P = 0.358). We did not
attempt to relate individual components
of subclinical disease to the incidence of
CVD because these have been reported in
previous studies.

Follow-up and CVD Events

To determine the occurrence of all CVD
events, all participants were followed
from the first examination until 31 De-
cember 2010 through periodic examina-
tions at the JHS and a review of hospital
and physician office visit records. All CVD
events included ischemic stroke, angina,
myocardial infarction (Ml), intermittent
claudication, congestive heart failure
(CHF), stroke death, and other CVD death.
More specifically, ischemic stroke was de-
fined based on ICD-9 code 435 and ICD-10
code G45 (17). Angina was defined by
the presence of chest pain or discom-
fort. Ml was defined by a combination
of the presence of cardiac pain, a
change in enzymes, and electrocardio-
graphic findings (17). Hospitalized Ml
was defined using ICD-9 codes 402,
410-414, 427, 428, and 518.4. CHF
was defined using 1) a discharge diag-
nosis of ICD-9 code 428 and/or underly-
ing cause of death (code 150); and
2) radiographic findings consistent
with CHF or increased venous pressure

>16 mmHG or dilated ventricle/LV ejec-
tion fraction <40% on echocardiography/
multigated acquisition scan/MRI scan; or
3) autopsy finding of pulmonary edema/
CHF (17). Death was confirmed using
death certificates; questionnaires com-
pleted by physicians, coroners, or medical
examiners; and interviews with the next of
kin. The criteria for classifying death from
coronary heart disease (CHD) are based on
any combination of 1) chest pain; 2) his-
tory of M, CHD, or angina; 3) the absence
of evidence of other probable cause of
death; and/or 4) the use of ICD-9 codes
(i.e., 250, 401, 402, 410-414, 427-429,
440, 518.4, 798, 799) or ICD-10 codes
(E10-14, 110-11, 121-25, 146-51, 170, 197,
J81, 196, R96, R98-99) to identify deaths
from CHD (17). The outcome for this study
was the first incidence of any CVD event.

Statistical Methods

Descriptive statistics (mean = SD or per-
centages) were computed for demo-
graphic and clinical characteristics for
three mutually exclusive groups: those
with DM (DM group), those with MetS
but no DM (MetS group), and those with
neither DM nor MetS (referent group).
Because the distributions of the CAC
score and LV mass index were skewed,
the geometric means and SDs of these
variables are reported.

Multivariable logistic regression mod-
els were estimated to determine the re-
lations between the prevalence of each
component of subclinical disease (de-
pendent variable) and the prevalence
of MetS and DM (independent variable),
adjusting for age, sex, smoking, LDL, ed-
ucation, and percent of dietary fat. We
did not use BP, HDL, blood glucose, or
other variables that may be along the
causal pathway as adjustment variables
because several of these risk factors are
used to define MetS. Odds ratios (ORs)
and their respective 95% Cls were calcu-
lated separately for participants with
MetS and DM and those with either
MetS or DM. We also compared the
ORs for each component between the
MetS and DM groups.

Multivariable Cox proportional hazards
regression models were estimated for
each group separately (MetS, DM, and
referent) to evaluate the association be-
tween the hazard of new-onset CVD and
the prevalence of each component of
subclinical disease (as defined above).
All assumptions for proportionality of
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hazards were met. We did not, however,
evaluate microalbuminuria and low ejec-
tion fraction in this part of the analyses
because of the small number of incident
CVD events among participants present-
ing with these components. To examine
the risk of CVD associated with MetS, DM,
and subclinical disease—and to evaluate
the impact of subclinical disease with
MetS and DM on the hazard of the CVD
event—we also used Cox proportional
hazards regression models, adjusting for
age, sex, smoking, LDL, education, and
percent of dietary fat. Furthermore, we
evaluated the interactions between the
presence of subclinical disease and
MetS and DM. Finally, we compared the
hazard ratios (HRs) (with 95% Cls) for CVD
for the components of subclinical dis-
ease between all three groups. We did
not estimate receiver operating charac-
teristic curves or assess the predictive
utility of measurements because predic-
tion was not the focus of this investiga-
tion. All analyses were conducted with
SAS software version 9.2 (SAS Institute,
Cary, NC). The study protocols were ap-
proved by the University of Mississippi
Medical Center Institutional Review
Board, and all participants provided writ-
ten informed consent.

RESULTS

The baseline characteristics of our study
sample are shown in Table 1. Individuals
with the MetS had a higher prevalence of
high CAC, LV hypertrophy, and microal-
buminuria compared with the referent
group (P < 0.0001 for all measures; Table
1). Participants with DM also had more
components of the subclinical disease
(such as PAD and microalbuminuria; Sup-
plementary Table 1) compared with those
in the referent group and those in the
MetS group (P<< 0.05 for all; Table 1).
Approximately 42% of the participants
had MetS or DM (17% had the latter),
and 30% had impaired glucose homeosta-
sis (n = 1,348 of the total study sample,
which included 4,416 participants).

We evaluated the odds of having each
individual component of subclinical dis-
ease among people with MetS and no
DM, among those with DM but no
MetS, and among those who did not
have either DM or MetS (referent group).
Adjusting for covariates, people with
MetS had higher odds of having a high
CAC score, LV hypertrophy, and microal-
buminuria compared with the referent
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Table 1—Clinical characteristics of the study population by metabolic status

Referentt MetS DM

Clinical characteristics* (n =2,553) (n=1,102) (n=761)
Age, years 51.5 (13.04) 56.1 (11.8) 59.1 (10.46)
Male sex, % 38.82 31.22 30.88
High BP, % 53.04 92.47 88.82
BP, mmHg

Systolic 123.2 (17.7) 130.9 (17.09) 130.8 (18.36)

Diastolic 78.6 (10.33) 81.3 (10.13) 77.2 (10.17)
Low HDL, % 20.36 71.69 41.55
HDL, mg/dL 55.5 (14.53) 44.4 (11.43) 50.7 (13.75)
Increased waist circumference, % 47.2 92.55 83.79
Waist circumference, cm 95 (15.08) 107.7 (13.99) 108.3 (15.47)
Impaired fasting glucose, % 5.17 41.42 100
Fasting blood glucose, mg/dL 88.4 (7.53) 96.7 (10.63) 149.7 (60.16)
High triglycerides, % 3.88 39.51 32.21
Triglycerides, mg/dL 83.77 (39.85) 141.08 (98.82) 134.32 (112.66)
Current smokers, % 12.61 12.48 9.89
PAD, % 4.66 5.45 9.27
ABI 1.14 (0.15) 1.16 (0.16) 1.13 (0.18)
High CAC score, % 14.04 25.51 40.64
CAC score 61.2 (5.82) 78.6 (6.51) 132 (6.08)
LV hypertrophy, % 4.13 8.82 13.68
LV mass index, g/m*”’ 32.9 (1.27) 37 (1.26) 38.7 (1.29)
Microalbuminuria, % 6.5 12.54 28.63
Low ejection fraction, % 2.07 2.25 2.97
Subclinical disease, % 18.99 29.94 44.65
Time to event, years 6.1 (1.07) 6.1 (1.27) 5.9 (1.6)

Average follow-up is 6 years. Data are a percentage or mean (SD). *Clinical characteristics are
defined by the following criteria: high BP is defined as systolic BP =130 mmHg or diastolic BP =85
mmHg or use of antihypertensive medications; obesity is defined based on waist circumference:
102 cm (40 inches) in men, 88 cm (35 inches) in women; high triglycerides is defined as >150 mg/dL
or currently taking a lipid-lowering medication; low HDL is defined as <40 mg/dL in men or <50
mg/dL in women; impaired fasting glucose is defined as a fasting glucose >100 mg/dL or medication
use; PAD is defined as an ABI <0.9; high CAC score is defined as a raw CAC score >100; LV
hypertrophy is defined as an LV mass index >51 g/m?”; low ejection fraction is defined as an
ejection fraction <50%; microalbuminuria is defined as a urine albumin—to—creatinine ratio >25
wg/mgin men and >35 pg/mg in women. tThe referent group is defined as those without DM or
MetS. The CAC score and LV mass index are geometric means = SDs. Subclinical disease is
defined as the presence of any one of the following: PAD, high CAC score, LV hypertrophy, low

ejection fraction, or microalbuminuria.

group (Table 2). Overall, people with
MetS were at 1.5 times the odds of having
at least one component of subclinical dis-
ease compared with the referent group.
When comparing participants with DM
with those in the referent group, data
showed higher odds of all components
of subclinical disease, as well as higher
odds of having at least one component
of subclinical disease in the former group,
except for low ejection fraction (Table 2).
In addition, those in the DM group had
significantly higher odds of having at least
one component of subclinical disease
compared with those in the MetS group.

There were 265 CVD events in this
sample (Table 3) during 6 years of
follow-up. The incidence rates for CVD

for the referent, MetS, and DM groups
are shown in Table 3. Among the people
belonging in the referent group (i.e.,
no MetS or DM), those who had a high
CAC score had approximately four times
the hazard of developing CVD compared
with those who did not (Table 4). The
same pattern was observed for people
with at least one component of sub-
clinical disease (Table 4). Among those
with MetS, the same trend was ob-
served when compared with the refer-
ent group, but only for the presence of
high CAC score and LV hypertrophy, with
approximately twice the hazard of CVD
(Table 4). PAD did not show a significant
association with the incidence of CVD in
this group, perhaps because of a smaller

number of CVD events. The presence of
DM suggested a significant hazard of
CVD for individuals having any compo-
nent of the subclinical disease, with HRs
ranging from 3.4 to 4.4. Overall, the
presence of subclinical disease in-
creased the hazard of developing CVD
among all groups.

In addition, comparing the HRs
among all groups, we observed a statis-
tically significant difference in PAD be-
tween those with MetS and those with
DM; more specifically, among those
with PAD, people with DM are at a
greater hazard of CVD compared with
people with MetS.

Finally, we pooled all participants of
our study sample to evaluate the asso-
ciation between the incidence of CVD
and DM or MetS. We observed a strong
association between the presence of
MetS and the presence of DM with the
incidence of CVD, with and without ad-
justing for the presence of subclinical
disease. More specifically, those with
MetS had approximately 1.8 and 2 times
the hazard of CVD with and without ad-
justment for subclinical disease, respec-
tively, and those with DM had 3.8 and
3.2 times the hazard of CVD with and
without adjustment for subclinical dis-
ease, respectively (Table 5). When con-
sidering participants belonging to six
different subgroups, the aforemen-
tioned associations retained their statis-
tical significance as well as a similar
strength of association (Table 5).

CONCLUSIONS

Principal Findings

This investigation provides a comprehen-
sive assessment of the burden of subclin-
ical disease in AAs in the community and
elucidates the prognosis associated with
presence of such disease. We used an
extensive battery of tests to characterize
the presence of subclinical disease in sev-
eral vascular beds, including the presence
of target organ damage. Our principal
findings are threefold. First, about 42%
of the participants had MetS or DM
(17% had the latter), and 30% had im-
paired glucose homeostasis. Second, a
substantial proportion of individuals
(~25%) had evidence of subclinical dis-
ease. The prevalence of several subclini-
cal disease measures was three- to
fourfold higher in those with DM, and
nearly twofold higher in those with
MetS, compared with individuals without
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Table 2—Odds of the components of the subclinical disease in the study population based on metabolic status

Components of P DU
subclinical disease* Referentt OR 95% Cl P value OR 95% Cl P value P value}
PAD 1 0.901 0.623-1.303 0.58 1.563 1.054-2.317 0.0261 0.045
High CAC score 1 1.734 1.327-2.265 <0.0001 4.348 3.176-5.953 <0.0001 <0.0001
LV hypertrophy 1 1.938 1.337-2.807 0.0005 3.041 2.008-4.606 <0.0001 0.112
Microalbuminuriag 1 1.947 1.429-2.652 <0.0001 4.794 3.43-6.701 <0.0001 <0.0001
Low ejection fraction 1 1.163 0.698-1.94 0.5621 1.366 0.746-2.504 0.3126 0.691
At least one component of

subclinical disease 1 1.548 1.296-1.848 <0.0001 2.863 2.324-3.526 <0.0001 <0.0001

All models are adjusted for age, sex, smoking, LDL, education, and percent of fat. *Components of subclinical diseases are based on the following
criteria: PAD is defined as an ABI <0.9; high CAC score is defined as a raw CAC score >100; LV hypertrophy is defined as an LV mass index >51 g/m?*7;
low ejection fraction is defined as an ejection fraction <50%; microalbuminuria is defined as a urine albumin—to—creatinine ratio >25 p.g/mg in men
and >35 pg/mgin women. tReferent group is defined as those without DM or MetS. $ORyets Vs. ORpy. §There were 49 participants assigned to the
subclinical group based only on the presence of microalbuminuria.

these conditions. A high CAC score was
the most frequent component of subclin-
ical disease in our sample. Third, the pres-
ence of subclinical disease increased the
incidence of CVD threefold overall, with
HRs being substantially higher (four- to
sevenfold) in individuals with MetS or
DM. These findings (although observa-
tional) highlight the importance of de-
tecting subclinical disease in AAs and
aggressively managing those with pres-
ence of subclinical disease to lower the
burden of CVD in this group.

Comparison With the Literature
Prevalence of Subclinical Disease in AAs
To our knowledge, no prior study has
investigated the prevalence of subclini-
cal disease in community-dwelling AAs
using a panel of multiple measures, each

Table 3—Incidence of CVD

individually associated with risk of CVD
in prior reports. The high prevalence of
DM in our sample is striking and likely
contributes to the greater risk of CVD
among AAs. The overall prevalence of
subclinical disease was lower than that
reported in middle-aged white partici-
pants in the Framingham Heart Study
(FHS) in a previous report (2), although
criteria for select measures (such as
echocardiographic LV hypertrophy) dif-
fered in the two investigations. Al-
though CAC was the most prevalent
form of subclinical disease, the overall
prevalence in our sample was much
lower than that reported in the FHS,
consistent with other prior observations
in AAs (4,6-9,11). The presence of MetS
or DM increased the odds of having sub-
clinical disease 1.5- to 3-fold overall; the

strength of the associations of these two
conditions with subclinical disease
measures was somewhat weaker than
that from the FHS reported previously
(two- to fourfold greater odds of sub-
clinical disease).

Prognosis of Subclinical Disease in AAs

The presence of a high CAC score (Agatston
score >100) or echocardiographic LV hy-
pertrophy increased the risk of incident
CVD two- to fourfold. Despite a lower
prevalence of subclinical disease mea-
sures in AAs in our sample (relative to
the FHS), the strength of the association
with incident CVD was stronger (HR 3.16
vs. 1.90 in FHS) (2). This observation is
consistent with a previous report under-
scoring the greater mortality hazard
among AAs (compared with whites) asso-
ciated with CAC, despite a lower preva-
lence of CAC (9). Furthermore, in the
presence of MetS and DM, the risk of

Events liglisnes e et CVD increased nearly five- to sevenfold;
(n)/patients  Person-years rate per 1,000 sex-adjusted HRs for incident CVD associated with sub-
Characteristics at risk (n) at risk (n) person-years rate (95% Cl) clinical disease in these two conditions
Referent* were somewhat lower among the FHS
All 79/2,553 15,543 5.08 2.64 (2.08-3.35) cohort
No subclinical ) L
disease 31/2,018 12,378 2.50 1.1 (0.72-1.67) Overall, our findings suggest that the
Any subclinical presence of subclinical disease in AAs
disease present 43/473 2,776 15.49 4.04 (2.6-6.24) may contribute substantially to a greater
MetSt burden of CVD in this group, consistent
All 78/1,102 6,690 11.66 5.28 (4.11-6.74) with our study hypothesis. Identifying
No subclinical AAs with DM and/or MetS and detecting
dlmse 36/751 4,609 7.81 4.75 (3.36-6.68) the presence of subclinical disease in
Any.Sch“mcal these subgroups and treating risk fac-
disease present 37/321 1,915 19.32 8.25 (5.59-12.03) R ) R L.
oM tors aggressively in these highest-risk in-
All 108/761 4,477 2412 9.62 (7.71-11.94) _lelduaIs may be critical to prevent CVD
No subclinical in AAs.
disease 41/409 2,480 16.53 10.44 (7.64-14.1) o
Any subclinical Strengths and Lm_utatlons
disease present  61/330 1,870 32.62 17.07 (13.24-21.74) The large community-based sample, the

*No MetS or DM; TNo DM.

use of a comprehensive panel of tests
assessing subclinical atherosclerosis
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Table 4—Hazard of a cardiovascular event with prevalent subclinical diseases by metabolic status

Referent* (79/2,553%)

MetS (78/1,102%)

DM (108/761%)

HR 95% Cl P value HR 95% Cl P value HR 95% Cl P value
PADT 1.90 0.92-3.94 0.084 1.38 0.61-3.13 0.438 4.36 2.20-8.64 <0.0001
High CAC scoret 4.32 1.97-9.49 <0.0001 2.17 1.06-4.42 0.033 3.41 1.35-8.65 0.010
LV hypertrophy§ 4.75 2.24-10.07 <0.0001 2.56 1.20-5.45 0.015 4.40 2.18-8.87 <0.0001
At least one component 3.49 2.13-5.73 <0.001 1.63 0.99-2.68 0.056 1.64 0.99-2.75 0.057

All models are adjusted for age, sex, smoking, LDL, education, and percent of fat. Pairwise comparisons between the groups were not statistically
significant, except for the comparison of PAD between the MetS and the DM groups (1.38 vs. 4.36, respectively; P = 0.04). *The referent group is
defined as those without DM or MetS; *number of CVD events over number of people at risk for the event; TPAD is defined as an ABI <0.9; thigh CAC
score is defined as a raw CAC score >100; §LV hypertrophy is defined as a LV mass index >51 g/m?”’.

and target organ damage, the routine
nature of the evaluation of subclinical
disease, and the combination of cross-
sectional findings with a prospective
study of the prognostic impact of sub-
clinical disease strengthen our investiga-
tion. Furthermore, we were able to
relate both individual measures of sub-
clinical disease and a composite measure
to the incidence of CVD. However, sev-
eral limitations must be acknowledged.
Our sample was middle-aged and of AA

descent, limiting the generalizability of
our results to other age and ethnic
groups. Also, AAs in the JHS, a cohort
located in the Stroke Belt, may not be
representative of AAs living elsewhere
in the U.S. The estimates of the preva-
lence of subclinical disease may repre-
sent the upper bound of prevalence in
AAs overall, given the high-risk nature
of this sample; however, we submit
that the large sample size provides for
more accurate estimates. In addition,

Table 5—Risk of cardiovascular event by metabolic status and presence of

subclinical disease

All CVD events (265/4,416)

HR 95% Cl P value
Model A (CVD risks associated with
MetS and DM, not adjusting for
subclinical disease)
Referent group Referent
MetS* 2.02 1.45-2.80 <0.0001
DM 3.17 2.26-4.46 <0.0001
Model Bt (CVD risks associated with
MetS and DM, adjusting for
presence/absence of subclinical disease)
Referent group Referent
MetS 1.78 1.27-2.51 <0.0001
DM 3.79 2.52-5.69 <0.0001
Subclinical disease present 3.16 2.26-4.42 <0.0001
Model C (CVD risks associated
with MetS and DM, by presence
versus absence of subclinical disease)
Referent group
Subclinical disease absent Referent
Subclinical disease present 3.49 2.13-5.73 <0.0001
MetS
Subclinical disease absent 2.64 1.607-4.35 0.0002
Subclinical disease present 4.48 2.68-7.49 <0.0001
DM
Subclinical disease absent 4.36 2.56-7.45 <0.0001
Subclinical disease present 6.95 4.15-11.64 <0.0001

All models are adjusted for age, sex, smoking, LDL, education, and percent of fat. The referent
groups are defined as those without DM or MetS. The interaction of subclinical disease and MetS
and the interaction of subclinical disease and DM were significant (P = 0.0175 and P = 0.038,
respectively). *No DM; tFor model B, the referent group includes participants with neither MetS
nor DM, but it may include participants with and without subclinical disease.

we excluded participants with missing
subclinical disease measures, who typi-
cally tend to be sicker (e.g., older and
with higher prevalence of hypertension,
DM, and dyslipidemia) in an epidemiolog-
ical context, which may bias our observed
associations. CAC was not measured dur-
ing the same examination cycle as the
other subclinical disease measures evalu-
ated in this investigation; therefore we
“carried back” the values for this variable
from a later examination (4 years apart).
Limited data suggest that the prevalence of
CAC remains stable over a short period of
up to 5 years (CAC progression is typically
2%) (18), and because the interval between
the two examination cycles was 4 years, we
do think it is reasonable to “carry back” the
CAC score without influencing the prospec-
tive findings of this investigation. However,
caution should be exercised with regard to
reference on the prevalence of subclinical
disease. The small number of CVD events
precludes the analysis of individual sub-
components of CVD, such as heart failure.
For this same reason, we observe wide Cls
for the HRs of the incidence of CVD. Finally,
aiming for consistency and ease of compar-
ison with our prior work on the same topic
in whites in the FHS, heart failure was
considered a form of CVD complication (2).

Conclusion

In our community-based sample of AAs
we observed a moderately high preva-
lence of subclinical disease and target or-
gan damage cross-sectionally, which in
turn translated into a greater prospective
risk of overt CVD, especially in people
with MetS and DM. Overall, our findings
are of public health importance because
AAs have a disproportionately high bur-
den of CVD in the U.S. relative to other
racial groups (1). Accordingly, identifying
and aggressively treating risk factors and
assessing subclinical disease burden in
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AAs may be important components of
any approach directed at lowering the
burden of CVD in this high-risk group.
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